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(57) ABSTRACT 

An over-current protection device for use in a switched mode 
power supply prevents over-current conditions caused by 
short-circuits faults. The over-current protection device 
monitors a current in the switched mode power supply, and in 
particular, determines a peak current value associated with 
the monitored current. The monitored current is compared to 
a reference value to determine whether an over-current con 

dition exists. If an over-current condition is detected, then the 
over-current protection device modi?es the ‘of? time of the 
switched mode power supply based on the determined peak 
current value. 

3,859,586 A l/ 1975 Wadlington 19 Claims, 6 Drawing Sheets 
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OVER-CURRENT PROTECTION DEVICE 
FOR A SWITCHED-MODE POWER SUPPLY 

BACKGROUND 

The present invention relates to over-current protection 
devices, and more speci?cally to over-current protection 
devices for preventing over-current faults caused by short 
circuit faults. 

Over-current protection devices are commonly employed 
in sWitch mode poWer supplies (SMPS) to monitor and pre 
vent excessive currents from forming Within the SMPS. Typi 
cally, if the monitored current exceeds a de?ned threshold, the 
over-current protection device causes the sWitch providing 
poWer to the load to open, preventing additional poWer from 
being provided to the load and thereby limiting the current 
through the SMPS. HoWever, despite the use of traditional 
over-current protection devices, conditions may occur that 
result in the generation of large currents in the SMPS. In 
particular, short-circuit faults experienced by a SMPS may 
result in a condition knoWn as current runaWay, or current 
ratcheting, in Which load currents Within a SMPS become 
progressively larger despite typical over-current protection 
methods. 

SUMMARY 

In one aspect of the present invention, a sWitch-mode 
poWer supply (SMPS) includes a ?rst sWitch that is connect 
able to provide input poWer to a load in a ?rst state and to 
prevent input poWer from being provided to the load While in 
a second state. The switched-mode poWer supply includes an 
over-current protection device that monitors a current asso 
ciated With the SMPS and determines a peak current value 
associated With the monitored current. The over-current pro 
tection device causes the ?rst sWitch to be placed in the 
second state for an amount of time that is related to the 
determined peak current value. 

In another aspect of the present invention, a method of 
protecting a sWitch-mode poWer supply (SMPS) from over 
current faults includes monitoring a current associated With 
the sWitched-mode poWer supply and determining a peak 
current value associated With the monitored current. The 
determined peak current value is compared to a threshold 
value to determine Whether an over-current condition is 
present. In response to a detected over-current condition, the 
SMPS is placed in an ‘off state for an amount of time that is 
related to the determined peak current value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of an over-current protection 
device as knoWn in the prior art connected to a buck converter 
With a short-circuit fault across the load. 

FIGS. 2A-2B are timing diagrams illustrating the inability 
of the prior art over-current protection device to prevent cur 
rent ratcheting caused by a short-circuit fault. 

FIG. 3 is a device diagram of a dynamic over-current pro 
tection device connected to a buck converter With a short 
circuit condition across the load. 

FIG. 4 is a block diagram of the dynamic over-current 
protection device shoWn in FIG. 3. 

FIG. 5 is a device diagram of one embodiment of the 
dynamic over-current protection device shoWn in FIG. 4. 

FIGS. 6A-6C are timing diagrams illustrating the ability of 
the dynamic over-current protection device to maintain safe 
current magnitudes despite short-circuit conditions. 
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2 
DETAILED DESCRIPTION 

FIGS. 1 and 2A-2B illustrate a prior art method of over 
current protection knoWn as ‘cycle-by-cycle’ current limit 
ing, and the inability of this protection scheme to prevent the 
generation of excessive currents caused by a short-circuit 
fault condition. 

In particular, FIG. 1 illustrates buck converter device 10 
connected to provide poWer to load 12. Buck converter device 
10 is a type of sWitched-mode poWer supply (SMPS) that 
includes inverter Invl, a pair of transistors Q 1 and Q2, diode 
D1, inductor L1, capacitor C1, and over-current protection 
device 14. Buck converter device 10 regulates the poWer 
provided to load 12 by selectively placing transistors Q l and 
Q2 in an ‘on’ state or ‘off state periodically under the control 
of timing signal VSW. When high-side transistor Q l is conduct 
ing or ‘on’, then input voltage Vin provides charging energy to 
inductor L1, Which in turn provides regulated poWer to load 
12. When high-side transistor Ql is non-conducting or ‘off , 
then input voltage Vin is prevented from providing energy to 
inductor L1, alloWing inductor L1 to discharge through load 
12. 

Over-current protection device 14 is connected to monitor 
the current IQl through high-side transistor Q1, Which corre 
sponds to the inductor current I L through inductor L1. If the 
current IQl increases above a de?ned threshold, then over 
current protection device 14 generates a signal (labeled 
Vswiof) that places the high side transistor Q l in an ‘off state, 
thereby preventing input voltage Vin from providing further 
charging energy to inductor Ll until the next cycle. In this 
Way, over-current protection device 14 minimiZes the ‘on’ 
time of high-side transistor Ql if the measured current is 
greater than the de?ned threshold. HoWever, cycle-by-cycle 
current-limiting protection does not alter the ‘off time asso 
ciated With buck converter 10. Therefore, high-side transistor 
Q 1 Will be placed in an ‘on’ state at the start of the next cycle 
and current protection device 14 Will again determine 
Whether the inductor current I L exceeds the de?ned threshold. 
FIGS. 2A and 2B illustrate the effect of cycle-by-cycle cur 
rent-limiting protection during a short-circuit fault condition 
such as the one shoWn in FIG. 1. 

FIG. 2A illustrates the timing signal VSW applied to high 
side transistor Q 1 that determines Whether high-side transis 
tor Ql is ‘on’ or ‘off’ (i.e., conducting or non-conducting). 
FIG. 2B illustrates the inability of cycle-by-cycle current 
limiting protection to prevent inductor currents I L from 
increasing during a short-circuit fault condition. As discussed 
above, the cycle-by-cycle current-limiting method of over 
current protection compares the measured high side sWitch 
current I Q 1 to a threshold value to determine if an over-current 

condition exists. If an over-current condition is detected, then 
high-side transistor Q 1 is turned ‘off’ in order to prevent input 
voltage Vin from further increasing inductor current I L. The 
cycle-by-cycle current-limiting method of over-current pro 
tection does not prevent the assertion of the timing signal VSW, 
but rather seeks to minimize the ‘on’ time of timing signal 
VSW. Therefore, in the over current situation the ‘on’ time 
tOLml-n and ‘off’ time tofassociated With the timing signal VSW 
remains constant. In addition, due to propagation delays, the 
amount of time that timing signal VSW remains ‘on’ folloWing 
detection of an over-current condition is constrained to a 

minimum value tonJm-n. That is, over-current protection 
device 14 is unable to reduce the duration in Which timing 
signal VSW is ‘on’ beyond some minimum time tonimin. 

FIG. 2B illustrates the resulting increase in inductor cur 
rent I L despite the cycle-by-cycle current-limiting protection 
scheme of limiting the ‘on’ time associated With high-side 
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transistor Q1. As shown in FIG. 2B, inductor current I L 
increases rapidly during the minimum ‘on’ time tOLmZ-n of 
high-side transistor Q1. Likewise, inductor current I L dis 
charges or decreases relatively slowly during the ‘off’ time tof 
of high-side transistor Q1. Despite efforts by over-current 
protection device 12 to reduce the ‘on’ time of high-side 
transistor Q 1, the minimum amount of time tonim in that timing 
signal VSW remains ‘on’ during each cycle allows inductor 
current I L to increase rapidly. Likewise, the inability of cycle 
by-cycle current-limiting protection to modify the ‘off time 
tofbetween successive cycles results in the inductor current I L 
only reducing by a small amount before the next cycle begins. 
In this way, the inductor current becomes progressively 
higher with each successive cycle, a phenomenon sometimes 
referred to as “current ratcheting”. 

FIG. 3 illustrates a dynamic over-current protection device 
according to the present invention that provides over-current 
protection, and in particular, prevents current ratcheting in 
short-circuit conditions. Speci?cally, FIG. 3 shows a circuit 
diagram of buck converter 20 that includes over-current pro 
tection device 22. A buck converter is one example of a 
switched-mode power supply for which the over-current pro 
tection device 22 is suitable. In other embodiments, over 
current protection device 22 may be used in conjunction with 
other con?gurations of switched-mode power supplies or 
converters. For example, in other SMPS topologies the induc 
tor employed by the buck converter may be replaced with a 
transformer. 
Buck converter 20 is identical to buck converter 10 shown 

in FIG. 1, and includes inverter Inv2, ?rst and second transis 
tors Q3 and Q4, diode D2, inductor L2, capacitor C2, and load 
24. As in the example discussed with respect to FIG. 1, buck 
converter 20 is shown here with a short-circuit fault con 
nected across load 24. Dynamic over-current protection 
device 22 is connected to monitor current IQ3 in high-side 
transistor Q3, which corresponds to inductor current I L 
through inductor L2. Although in this embodiment current is 
measured in transistor Q3, in other embodiments, over-cur 
rent protection may be implemented by monitoring or mea 
suring currents at other suitable locations (such as directly at 
inductor L2). Based on the monitored transistor current IQ3 
(or inductor current I L), over-current protection device 22 
generates an output signal (labeled ‘Vswiof’) that prevents 
timing signal VSW from providing an ‘on’ signal to transistor 
Q3, thereby forcing transistor Q3 into an ‘off state. That is, the 
signal Vswiof generated by the dynamic over-current protec 
tion device 22 acts to block the timing signal VSW from turning 
‘on’ transistor Q3. 

In particular, over-current protection device 22 measures 
or otherwise determines the peak magnitude of the inductor 
current I L and causes the high-side transistor Q3 to be main 
tained in the ‘off’ state for a length of time that is related to the 
magnitude of the peak current. In this way, over-current pro 
tection device 22 alters the ‘off’ time associated with the 
timing signal VSW based on the peak current value associated 
with inductor current I L. By selectively modifying the amount 
of time high-side transistor Q3 is maintained in the ‘off state 
(i.e., increasing the ‘off’ time of high-side transistor Q3), 
over-current protection device 22 allows inductor current I L in 
inductor L2 to decrease. 

In one embodiment, buck converter 20 is operated at a 
de?ned frequency commonly referred to as the switching 
frequency. That is, timing signal VSW turns high-side transistor 
Q3 ‘on’ and ‘off at a rate de?ned by the switching frequency. 
In this embodiment, dynamic over-current protection device 
22 dynamically modi?es the switching frequency of buck 
converter 20 in response to a detected over-current condition. 
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4 
In particular, the magnitude of change in the switching fre 
quency is related to the magnitude of the determined peak 
current value. As the magnitude of the peak current increases, 
over-current protection device 22 responds by either linearly 
or non-linearly decreasing the switching frequency. In 
essence, by decreasing the switching frequency the ‘off time 
associated with timing signal VSW is increased, allowing 
inductor current I L in inductor L2 to decrease. 

FIG. 4 is a block diagram illustrating the functions per 
formed by one embodiment of over-current protection device 
22. In this embodiment, over-current protection device 22 
includes current sensor 26, peak current detector device 28, 
comparator device 30, and timing device 32. Current sensor 
26 is connected to measure inductor current I L. The measured 
inductor current I L is provided to peak current detector device 
28, which measures or detects the peak current associated 
with inductor current IL. The peak current value (or a value 
representing or related to the peak current value) determined 
by current detector device 28 is provided to comparator 
device 30, which compares the peak current value with a 
reference value or threshold to determine whether an over 
current condition exists. Based on the result of this compari 
son and the magnitude of the peak current, timing device 32 
dynamically modi?es the amount of time transistor Q3 should 
be maintained in the ‘ off” state by generating the Vswiofsignal 
for an amount of time that is related to the peak current value. 
This has the effect of dynamically modifying the ‘off time 
associated with the switched-mode power supply. The greater 
the magnitude of the peak current value, the longer timing 
device 32 will continue to generate the Vswiofsignal, thereby 
maintaining high-side transistor Q3 in the ‘off state for a 
longer duration of time. In addition, the duration of the signal 
Vswiofmay be linearly or non-linearly related to the magni 
tude of the determined peak current value. 

In one embodiment, the functions described with respect to 
FIG. 4 are implemented with a digital processor. A digitiZed 
value representing the sensed or monitored current would be 
provided to the digital processor. Based on this value, the 
digital processor detects the peak current associated with the 
monitored current, compare the peak current with a reference 
or threshold value, and based on the comparison controls an 
amount of time high-side transistor Q3 is maintained in the 
‘off state. 

FIG. 5 is a circuit diagram of another embodiment of the 
dynamic over-current protection device 22 as shown in FIG. 
4. In this embodiment, over-current protection device 22 
includes current sensor 34, resistor R1, diode D3, capacitor 
C3, comparator 38, switch 40, and discharge current network 
42. Current sensor 34 senses inductor current I L (or a current 
related to I L) and delivers a current that is related to the sensed 
current to resistor R1. In one embodiment, current sensor 34 
will most likely reduce the large sensed inductor current IL 
(on the order of amperes) to a relatively small current (on the 
order of micro-amperes to milli-amperes). In addition, the 
value output from current sensor 26 may be linearly or non 
linearly related to the inductor current. In response, resistor 
R1 converts the current provided by current sensor 34 to a 
related voltage value. The voltage representing the sensed 
inductor current is provided through diode D3 to capacitor C3 
and comparator 38. In this embodiment, capacitor C3 captures 
a value related to the peak value of inductor current I L. The 
voltage representing the measured inductor current is pro 
vided to comparator 38, which compares the voltage repre 
senting the measured peak inductor current to a reference 
voltage. When the voltage representing the measured peak 
inductor current exceeds the reference voltage (indicating an 
over-current condition), then comparator 38 generates output 
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signal Vswio?, Which causes transistor Q3 to be turned ‘off . In 
addition, output signal Vswiof generated by comparator 38, 
indicating that the measured peak inductor current exceeds 
the reference voltage, also causes sWitch 40 to close. Once 
sWitch 40 is closed, then capacitor C3 (charged to a voltage 
related to the peak inductor current), sWitch 40, and discharge 
current netWork 42 act as a timing device, Wherein the voltage 
stored by capacitor C3 is discharged through sWitch 40 at a 
rate determined by discharge current netWork 42. When the 
voltage stored on capacitor C3 is discharged beloW the value 
of the reference voltage, then the output of comparator 38 
changes state, alloWing transistor Q3 to be sWitched to the 
‘on’ state, and opening sWitch 40. 
The embodiment shoWn in FIG. 5 is a simpli?ed version of 

a device that Would be used to implement dynamic over 
current protection device 22. In other embodiments, timing 
device 40 is comprised of a sWitched-capacitor resistor net 
Work that generates the Vswiof signal for an amount of time 
that is proportional to the charge stored by peak detector 
capacitors. In addition, the dynamic over-current protection 
scheme may be used in conjunction With a typical cycle-by 
cycle current-limiting protection device that generates a sig 
nal causing high-side transistor Q3 to be turned ‘off in 
response to a detected over-current condition. That is, the 
cycle-by-cycle device may be used to initially place transistor 
Q3 in the ‘off state, While dynamic over-current protection 
device Would determine the length of time transistor Q3 
should remain in the ‘off state. 

FIGS. 6A-6C illustrates the operation and performance of 
dynamic over-current protection device 22. The left side of 
each chart illustrates the response by dynamic over-current 
protection device 22 to a ?rst over-current condition, and the 
right side of each chart illustrates the response by dynamic 
over-current protection device 22 to a second over-current 
condition. In particular, FIG. 6A illustrates the on/ off signals 
(timing signal VSW) provided to transistor Q3, With a loW 
signal indicating that transistor Q3 is ‘off’ and a high signal 
indicating that transistor Q3 is ‘on’. FIG. 6B illustrates the 
output signal VSWJ f generated by dynamic over-current pro 
tection device 22 (as shoWn in FIG. 3), Wherein a high output 
signal represents a blocking signal that prevents timing signal 
VSW from placing hi gh-side transistor Q3 in the ‘ on’ state. FIG. 
6C illustrates the inductor current I L generated through buck 
converter 20 during a short-circuit condition as a result of the 
operation of dynamic over-current protection device 22. 

For instance, in the ?rst example shoWn on the left-hand 
side of FIGS. 6A-6C, an inductor current I L exceeds the 
threshold value (labeled lthreshold) and obtains a maximum 
(peak) value of IPM kl during the minimum ‘on’ time tOLmZ-n of 
transistor Q3. In response to the magnitude by Which the 
inductor current exceeds the threshold value, dynamic over 
current protection device 22 generates an output signal 
Vswiof (i.e., output signal Vswiofhas a voltage level corre 
sponding to an ‘on’ condition) for duration of time t1. During 
this time, the output signal Vswiofprohibits timing signal VSW 
from being able to turn ‘on’ transistor Q3. In this Way, the ‘off’ 
time of timing signal VSW is increased to alloW inductor L2 
additional time to discharge. As shoWn in FIG. 6C, the dura 
tion of time tl in Which high-side transistor Q3 is maintained 
in the ‘off state alloWs inductor current I L to discharge beloW 
the threshold value. 

In the other example, shoWn on the right-hand side of 
FIGS. 6A-6C, a inductor current IL exceeds the threshold 
value and obtains a maximum (peak) value of lpeak2 before 
transistor Q3 can be placed in the ‘off’ state (i.e., during the 
minimum ‘on’ time tOLml-n of transistor Q3). In this case, 
because the magnitude of lpeak2 is greater than the magnitude 
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6 
of lpeakl, the output signal Vswiofis maintained in the ‘high’ 
or ‘on’ state for a longer duration of time (i.e., t2>tl). While 
the output signal Vswiofis in the ‘high’ state, the timing signal 
VSW provided to transistor Q3 is maintained in the ‘loW’ or 
‘off state, thereby maintaining transistor Q3 in an ‘off state. 
By increasing the ‘off’ time of timing signal VSW, inductor 
current I L is alloWed to discharge to a value beloW the thresh 
old value. In the examples illustrated in FIGS. 6A-6C, the 
‘on’ time of timing signal VSW is minimiZed to the shortest 
alloWable duration of time, as indicated by the label tonimin. 
In other embodiments, the ‘on’ time of timing signal VSW may 
be greater than toniml-n. 
As shoWn by these examples, dynamic over-current pro 

tection device 22 monitors inductor current I L and measures a 
value associated With the peak of the inductor current. Based 
on the measured peak current magnitude, dynamic over-cur 
rent protection device 22 modi?es the amount of time tran 
sistor Q3 is maintained in the ‘off’ state (i.e., by modifying the 
duration of ‘off’ time associated With the timing signal VSW). 
A bene?t of this method of adaptively or dynamically modi 
fying the amount of the SMPS is maintained in the ‘off’ state 
(i.e., the amount of time transistor Q3 is maintained in the 
‘off state) based on the measured peak inductor current value 
(or value related to the peak inductor current) is the ability to 
alloW the inductor current su?icient time to discharge before 
applying additional charging energy. This method differs 
from traditional methods such as cycle-by-cycle current-lim 
iting in Which VSW is alloWed to turn ‘on’ each cycle. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the art 
Will recogniZe that changes may be made in form and detail 
Without departing from the spirit and scope of the invention. 
Particularly, While some forms of the invention are described 
in the form of discrete devices, it is recogniZed that the circuit 
is preferably reduced to practice in the form of an integrated 
circuit (IC). Therefore, terms such as “device” and the like 
should be construed in their broadest contexts to include 
portions of ICs that are conveniently described as functional 
components, as Well as discrete devices. LikeWise, some 
forms of the invention are described in terms of logical gates 
and chips that could also be implemented by discrete devices, 
all Within the scope and spirit of the present invention. 

The invention claimed is: 
1. A sWitched mode poWer supply (SMPS) comprising: 
a ?rst sWitch connectable to provide input poWer to a load 

in a ?rst state and to prevent input 
poWer from being provided to the load in a second state, 

Wherein the ?rst sWitch is operated at a sWitching fre 
quency to regulate the poWer provided by the SMPS; and 

an over-current protection device that monitors current 
associated With the SMPS and decreases the sWitching 
frequency at Which the ?rst sWitch is operated by con 
trolling the ?rst sWitch to be placed in the second state 
for an amount of time that is based on a peak current 
value associated With the monitored current. 

2. The SMPS of claim 1, Wherein the over-current protec 
tion device includes: 

a current sensor for monitoring the current associated With 

the SMPS; 
a peak current detector device for determining the peak 

current value associated With the monitored current; and 
a timing device that determines the amount of time to 

maintain the ?rst sWitch in the second state based on the 
peak current value determined by the peak current detec 
tor device. 
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3. The SMPS of claim 2, wherein the over-current protec 
tion device further includes: 

a comparator device that compares the peak current value 
to a reference value to determine Whether an over-cur 
rent condition exists and in response to a detected over 
current condition causes the ?rst sWitch to be placed in 
the second state and provides a start signal to the timing 
device to determine the amount of time the ?rst sWitch 
should be maintained in the second state. 

4. The SMPS of claim 3, Wherein the peak current detector 
device includes: 

a capacitor for storing a voltage value that is representative 
of the peak current value. 

5. The SMPS of claim 4, Wherein the timing device 
includes: 

a second sWitch that connects the capacitor to a current 
discharge netWork, Wherein in response to the start sig 
nal provided by the comparator device the second sWitch 
is closed to alloW the at least one capacitor to discharge 
through the current discharge netWork, Wherein the 
amount of time the ?rst sWitch remains in the second 
state is based on the time required for the voltage stored 
by the capacitor to discharge to a determined level. 

6. The SMPS of claim 1, Wherein the over-current protec 
tion device controls the ?rst sWitch to be placed in the second 
state for an amount of time that increases linearly With respect 
to an amount the peak current value exceeds a threshold 
value. 

7. The SMPS of claim 1, Wherein the over-current protec 
tion device controls the ?rst sWitch to be placed in the second 
state for an amount of time that increases non-linearly With 
the respect to an amount the peak current value exceeds a 
threshold value. 

8. The SMPS of claim 1, Wherein the over-current protec 
tion circuit is implemented With a digital processor. 

9. A method of protecting a sWitch-mode poWer supply 
from over-current faults, the method comprising: 

regulating poWer provided by the sWitch-mode poWer sup 
ply by operating a sWitch at a sWitching frequency; 

monitoring a current associated With the sWitched mode 
poWer supply; 

determining a peak current value associated With the moni 
tored current; 

comparing the peak current value to a threshold value to 
detect the presence of an over-current condition; and 

decreasing the sWitching frequency of the sWitched-mode 
poWer supply in response to a detected over-current 
condition by placing the sWitch in an ‘off’ state for an 
amount of time that is related to the determined peak 
current value. 

10. The method of claim 9, Wherein determining the peak 
current value associated With the monitored current includes: 

storing a voltage that is representative of the determined 
peak current value to a capacitor. 

11. The method of claim 9, Wherein the amount of time the 
SMPS is placed in the ‘off state is linearly related to an 
amount the determined peak current value exceeds a thresh 
old value. 
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12. The method of claim 9, Wherein the amount of time the 

SMPS is placed in the ‘off’ state is non-linearly related to an 
amount the determined peak current value exceeds a thresh 
old value. 

13. The method of claim 9, Wherein controlling the amount 
of time the SMPS is maintained in the ‘off’ state results in a 
dynamic modi?cation of a sWitching frequency associated 
With the SMPS. 

14. An overload protection device for use With a sWitched 
mode poWer supply (SMPS), the over-current protection 
device comprising: 
means for monitoring a current generated in the SMPS; 

means for determining a peak current value associated 
With the monitored current; 

means for comparing the peak current value to a thresh 
old value to detect the presence of an over-current 

condition; and 
means for dynamically modifying a sWitching fre 

quency associated With the SMPS in response to a 
detected over-current condition, Wherein the 

sWitching frequency is modi?ed based on the deter 
mined peak current value. 

15. The over-current protection device of claim 14, 
Wherein the means for determining a peak current value asso 
ciated With the load current includes: 
means for converting the determined peak current value to 

a voltage value; and 
at least one capacitor connected to store the voltage value. 
16. The over-current protection device of claim 15, 

Wherein the means for comparing the monitored to a thresh 
old value includes: 

a comparator device that detects over-current conditions by 
comparing the voltage value to a reference voltage, 
Wherein the comparator device provides an output signal 
that causes the SMPS to be turned to an ‘off state When 
an over-current condition has been detected. 

17. The over-current protection device of claim 16, 
Wherein the means for dynamically modifying the sWitching 
frequency associated With the sWitched mode poWer supply 
includes: 

a timing device that maintains the SMPS in the ‘off state 
for an amount of time that is related to the voltage stored 
by the at least one capacitor, Wherein the sWitching 
frequency is a function of the amount of time the SMPS 
is maintained in the ‘off state. 

18. The over-current protection device of claim 14, 
Wherein the timing device includes: 

a sWitch connected betWeen the at least one capacitor and 
a current discharge netWork, Wherein the detection of an 
over-current condition by the comparator causes the 
sWitch to close and the at least one capacitor to discharge 
through the current discharge netWork, Wherein the time 
required to discharge the capacitor to a threshold value 
determines the amount of time the SMPS is maintained 
in the ‘off state. 

19. The over-current protection device of claim 14, 
Wherein the sWitching frequency of the SMPS is decreased as 
the determined peak current value increases. 

* * * * * 


